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Cystinosis is an inherited lysosomal storage disease in which the intralysosomal concentration of cystine is greatly elevated. However, unlike most lysosomal storage diseases, there is no known enzyme abnormality that could plausibly explain this accumulation. The source of the intralysosomal cystine in cystinosis is uncertain, but it has been suggested that it might be derived from intralysosomal proteolysis (AUsop & Watts, 1975) . Chloroquine is known to inhibit protein catabolism, partly by inhibiting cathepsin B, and partly by elevating intralysosomal pH (Wibo & Poole, 1974; de Duve et al., 1974) . In the present study, the effect of chloroquine on the metabolism of exogenously added [ '?31cystine by normal and cystinotic fibroblasts has been investigated.
Monolayers of human skin fibroblasts taken from normal and cystinotic subjects (where applicable, informed consent was obtained) were grown to confluence in antibiotic-free Ham's F 10 medium containing 15% ( v h ) foetal calf serum. They were cultured for lweek with medium containing 10pCi of [35Sl-cystine in the presence or absence of chloroquine (20pM). The cells were harvested, after washing in situ four times with phosphate-buffered saline, by scraping and then sonicating (15 s at room temperature, 8pm peak-to-peak) in 0.01 M-Tris/HCl, pH 7.4, containing 0.1 M-N-ethylmaleimide. Samples were then concentrated by freeze-drying, redissolved in water and the protein was precipitated by making the solution 5% with respect to sulphosalicylic acid. The supernatant was then subjected to automated cation-exchange amino acid analysis. Samples were collected and assayed for 35S.
The results in Table 1 demonstrate that in the absence of chloroquine 3-6 times as much label from exogenous cystine is incorporated into intracellular cystine in cystinotic cells, compared with normal cells. In the presence of chloroquine the intracellular cystine label increases &5 times in normal cells, but 3-20 times in cystinotic cells. Thus, allowing for the quantitative variability between experiments, in the presence of chloroquine reproducibly about 10 times as much label is found in the intracellular cystine pool in cystinotic cells compared with normal cells.
In the absence of chloroquine there is no consistent difference between the total cell label in cystinotic and normal cells. However, in the presence of chloroquine the total cell label increases by 12 to 37% in the cystinotic cells and by -18 to 11% in the normal cells. Some 75-90% of the total cell label is associated with protein (precipitable with sulphosalicylic acid), and any increase in cell label owing to the presence of chloroquine is largely confined to the low-molecular-weight fraction (sulphosalicylic acid supernatant).
Of the chloroquine-induced increase in low-molecular-weight labelled material in the cystinotic cells, most (about 30%) is due to the increase in cystine-associated label, with about 20% associated with reduced glutathione and 15% with both glutathione-cystine mixed disulphide and highly acidic metabolites. The remainder of the increase is due to increased labelling of cysteine and oxidized glutathione. In those normal cells that demonstrated a chloroquine-induced increase in low-molecular-weight labelled material, the increase was mainly (about 90%) confined to reduced glutathione, cysteine and acidic species in approximately equal amounts. The increase in labelled cystine accounted for less than 7%. Chloroquine is known to inhibit protein catabolism. Therefore it is unlikely that the majority of the intralysosomal cystine in cystinotic cells is derived from intralysosomal proteolysis, in view of the fact that chloroquine increases the labelling of lysosomal cystine. The mechanism of this effect of chloroquine is unknown, but may result from an elevation of intralysosomal pH. This could lead to an increased oxidation of deprotonated cysteine and a decrease in the solubility of intralysosomal cystine.
Whatever the mechanism of action, it is far greater in cystinotic cells than in normal cells. Therefore it may have some relevance to the basic defect of cystinosis.
